ABSTRACT In this paper, we describe a broadband indoor wireless system, where the base stations are connected through an ATM network. The ATM switch provides backbone connectivity among microcells as well as with the outside world. This paper investigates a Broadband Indoor Wireless Network (BI-WN), employing Time Division Multiple Access (TDMA), based on polling for dynamic bandwidth allocation. The paper aims at evaluating the performance of an indoor wireless network supporting high speed bursty traffic using a developed, simplified simulation approach.
I. INTRODUCTION
There is growing interest in wireless in-building communications systems due to the attractive advantages they offer [l] . In recent years, there have been several developments in the applications in the area of local wireless access to voice/data communication networks, with data service rates in the range of several hundred kbps. The services include telephony, paging, voice mail, data mail, computer file transfer, facsimile etc.
Efforts are underway to incorporate multimedia capability into the mainstream of personal communications services. Most of the existing work is focussed on voice and data applications. The rapid development of Personal Communications Systems is widening the scope of supported applications. Remote terminals may be capable of producing broadband real-time traffic (RTT) such as variable bit rate video or bursty data transfers. Typical applications could be in high quality teleconferencing and telepresence, portable medical terminals, multimedia laptops and personal digital assistants etc. [2] . The millimeter (mm) wave band (above 20 GHz) appears to be suitable for wireless access to broadband services upto 20 Mbps data rate [2] .
We simulate the performance of a BIWN as seen by a given user terminal. A framed, TDMA scheme, based on polling has been chosen, The polling approach has the appeal of simplicity and is justified by the fact that the number of terminals within a cell is expected to be small. Polling provides updated information to the base station about the users' buffer contents, thereby allowing base stations to exercise dynamic bandwidth allocation.
Simulations were performed with special emphasis on steady
The diagram of a typical system is shown in Figure 1 
III. DESCRIPTION OF SIMULATI0N:'THE SINGLE TERMINAL APPROACH'
We determine the performance of a given terminal in a multiple access network that serves heterogeneous traflic. We focus on the variable bit rate (VBR) Video traflic. Figure 2 depicts the system as viewed from the given terminal. Cells pass through a cascade of the terminal buffer, the multiple access time window and the channel to reach the receiver. A queueing model was applied to the terminal buffer. The system effect shows up as a random channel time window. The channel subjects the transmitted cells to random errors in accordance with the link conditions. In that sense, the channel is a random on/off process. Figure 4 .
The model takes into account the fact that the distribution of the ON and OFF state intervals of the ON/OFF model is a function of the effectiveness of the techniques used to combat fading, shadowing and interference. We assume that the schemes employed to mitigate the above mention shall be effective enough to recover the ing condition in at most three cycles an ers from a fade in two cycles and from an interference condition in one cycle. A cycle corresponds to one TDMA frame time.
Transition probabilities I, 11, .... X, must be defined in the simulation model. 2) Modeling of Self-similar Variable Bit Rate Compressed Video. VBR compressed video traffic is expected to become one of the main loading components in future broadband networks due to the advantages of VBR video transmission and the packetswitched nature of ATM, and given the development of highly sophisticated compression techniques for video sources. Moreover, recent extensive measurements of real traflic data have led to the conclusion that VBR video traffic cannot be sufficiently
represented by traditional models and that VBR video traffic possesses self-similar (or fractal) characteristics, meaning that the dependence in the traffic stream lasts much longer than traditional models can capture. Hosking's procedure was used to generate traces from the exactly self-similar fractional Gaussian noise PGN) process, one of the numerous stochastic models which exhibit the self-similar property. In order to simulate the oscillations in the correlation function, composite models are typically used, i.e., models based on combining three different processes with marginal and correlation structures matched to the I, B, and P empirical records, respectively [5] . The goal is to generate a process with marginal distribution and autocorrelation function that closely match the corresponding functions of empirical traces. In 151, approximately two hours of video from the movie "Last Action Hero" was used. The movie was initially encoded using the MPEG-1 algorithm, with a hardware intraframe MPEG-1 encoder on a Sun SPARC 20 computer. The movie was then decompressed and re-encoded with both intraframe and interframe coding, using the PVRG-MPEG 1.1 software codec. Based on the above methods, a sufficiently large number of independently obtained data was used to simulate the overall bursty video traffic arriving at the base station (uplink and downlink) in the given radio cell. The varied nature of these simulated traffic sources is assumed to represent the actual overall &c scenario at the base station in a micro-cell in a BIWN system.
The simulated traffic for the given user is transmitted on the uplink (portable to the base station). The given user competes for time slots within a TDMA frame with the other cell traffic (uplink and downlink traffic). The length of the multiple access frame (TDMA frame) is kept constant. Further, we have assumed that the video frame rate is 33 frames per second. Simulations Rave been performed choosing the multiple access frame to consist of 204 time slots [2] . Out of these, 180 slots belong to the data section while 24 belong to the control section. As stated earlier, each time slot is of 1 ATM cell duration. The network capacity in the initial scenario was chosen to be 31.45 Mbps. Each time slot corresponds to a duration of 13.48 CL sec, resulting in a multiple access frame of duration 2.75 msec. We define 'utilization' as the total load offered in the upstream and the downstream divided by the total bandwidth allocated to both the upstream and the downstream traffic (network capacity). The polling overhead has been neglected such that all the 180 slots in the data section can be assumed to be available for transmission of user data (to/from the base station). The simulation was performed for the period of transmission of 17000 video frames (appx. 10 min.) by the given user over the uplink. The terminals as well as the controller (base) are assumed to be synchronized. The network is assumed to be in steady state with no new connection establishment or connection termination. A selective repeat ARQ is assumed to be employed to recover the erroneous received cells from the given user. Simulation results are dependent upon the following simulation parameters: a) Nature of the video traffic (burstiness), b) Tmin, c) Channel Failure Rate (decided by the transition probabilities in Figure 4 , and d) MTD for the given user. Results were obtained by varying one of the above mentioned parameters and keeping the other parameters fixed. Utilization was varied by unique combinations of the simulated video sources. Simulations were carried using the OPNET (OPtimized Network Engineering Tools) simulation package, developed by MIL 3 Inc. Figure 5 describes the simulation procedure.
IV. SIMULATION RESULTS FOR VBR VIDEO SOURCES BASED ONON/OFF MARKOV MINI-SOURCES MODEL
All the video sources were modeled using the On/Off Markov Mini-Sources model with the characteristics stated in Table 1 . The given video source (the 'given user') was modeled by 20 The MTD for all the sources was assumed to be 33 msec.
The assignment of the channel model parameters (I, 11,111, IV. .. Figure 4 ) resulted in a channel failure rate of 4.94%. Graphs I, I1 and III depict the performance curves (CLP,
X, defined in

MBO and MWT) obtained for three different values of Tmh, viz.
Tmin = 20,25 and 27. CLP, MBO and MWT are found to be lower for higher values of Tmin. This is because Tmh affects the residence time of the cells in the terminal buffer. Greater the value of Tmk, greater is the possibility of more cells being released from the buffer per multiple access frame. This is because, under conditions of high bandwidth demand by the other sources, the given source is assured of a greater number of slots in the frame.
V. SIMULATION RESULTS FOR VBR COMPRESSED TERISTICS VIDEO DATA EXHIBITING SELF-SIMILAR CHARAC-
In this section we present results of another set of simulations carried out with tr&c sources modeled using the self-similar traffic characteristics model discussed earlier. All of the modeled video sources generated VBR MPEG Compressed Videozlata with the following characteristics:
Let the burstiness 'b' of a given video source be defined as the ratio of the maximum bit-rate to the mean bit-rate of the source. The given video source (the 'given user') has an mean bit-rate of 1.145 Mbps and burstiness b = 8.83. The remaining sources ('other sources') were modeled as shown in Table 2 .
Graph IV presents the CLP performance curves for the given 1.1374 4.5173 with a decrease in the channel failure rate from 4.94% to 1.03%. A similar variation is observed in the MBO with utilization, as shown in Graph VI. MWT values are found to be lower by around 0.3 msec in the case of reduced CFR. With the improvement in the channel conditions, there is a decrease in the number of retransmissions of the ATM cells stacked in the buffer. This directly affects the residence of the cells in the buffer, resulting in a decrease in the average time for which a video cell is held in the buffer. All the simulations carried out so far considered a network hs VIII, IX and X compare simulat scenarios corresponding to netMbps and 31.45 Mbps, all other conditions remaining the same (Tmln = 30, Channel failure rate = 1.03% and Ivf'I'D = 33 msec). As expected, the network with 15 Mbps capacity exhibits the poorest performance and in contrast the best performance is available with the 31.45 Mbps capacity ues fall in the range of loF4 to Graph IX compares the variations in the MBOs for the three network capacities. There is a much wider variation in the MBO of the given user under the condition of 15 Mbps network capacity. Also, the steady state is attained at very high values of U (above 90%). For the network with 31.45 Mbps capacity, the MBO varies the least with utilization. Similar observations as above were made in the vs. U curves, shown in Graph X.
We used two separate video sources of varying simulate the given user traffic. Graph XI, XII and XI the steady state performances, as seen by the two s interesting to note that an MPEG compressed video source with 1.145 Mbps MBR, burstiness (b) = 8.83 exhibits a much higher CLP (more than tenfold higher) than the source (derived from an ON/OFF markov mini-sources model) with 2.06 Mbps with b = 2.67, despite the fact that the former has been assi higher Tmin (30) than the latter (27), all other factors remaining identical. This highlights the important role played by the burstiness of a VBR video source in determining the steady state performance. The MBQ and the in case of the latter are however higher due to a higher Mean Bit Rate (MBR).
In this paper, we proposed a simplified simulation strategy for a BIWN, using which we determined the steady state network performance as seen by a given terminal. It offers the following advantages: a) It is much simpler than simulating the traffic flow in the entire system. b) It gives a good approximation of a full system simulation. c) It determines the performance of a given type of M c in a heterogeneous network. We carried out a simulation study for trafiic and compared pe~ormance curves by varying T, D, CFR, the network capacity and the burstiness of the given video source. The same approach can be applied to obtain results for voice and data. It can be conveniently used to determine the maximum number of users that can be supported by the system and the minimum network capacity required to support a given number of users. The presented work helps in arriving at a realistic scenario of the overall system based on the system performance seen by one user terminal. This didn't require detailed simulation of any subsystem, however details can be added later on.
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